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Abstract
We study the diphoton signal of the Higgs boson in gauge mediated supersym-
metry breaking models, which can explain both the Higgs boson mass of around
125 GeV and the result of the muon g − 2 experiment. We consider two possible
extensions of gauge mediation models: inclusion of vector-like matters, and a mixing
between a messenger and the up-type Higgs. The large left-right mixing of staus is
induced in both scenarios, resulting in the enhanced diphoton signal. We include a
constraint from a charge breaking minimum, which is severe for the large left-right
mixing of staus. The branching fraction of h → γγ can be about 40% larger than
that of the Standard Model Higgs boson, in the region of parameter space where
the Higgs boson mass of around 125 GeV and the muon g − 2 are explained.
1 Introduction
The Standard Model (SM) Higgs boson-like particle with a mass of around 125 GeV, has
been discovered at both ATLAS [1] and CMS [2] experiments. Although their observations
are almost consistent with the prediction of the SM, there is an indication that the Higgs
coupling to diphoton is somewhat enhanced [3].
This may be explained if there is a new light charged particle which couples to the
Higgs boson. In the Minimal Supersymmetric (SUSY) Standard Model (MSSM), it was
pointed out that a light stau loop diagram can enhance a branching fraction of diphoton
channel in the case of a large left-right mixing of staus [4, 5]. This possibility is interesting;
the smuon is also light if soft masses are flavor-universal, and the large left-right mixing
of the stau is achieved by large tanβ. This is advantageous for the enhancement of the
SUSY particle contribution to the muon anomalous magnetic moment (muon g − 2) [6].
Actually, it was pointed out that there is a possible correlation between the diphoton
branching fraction of the Higgs boson and the SUSY contributions to muon g − 2 [5, 7].
In fact, the experimental value of the muon g − 2 [8] is deviated from the prediction of
the SM by 3.2 σ [9] (3.6 σ [10]),
aexpµ − aSMµ = (26.1± 8.0)× 10−10. (1)
Therefore, the light sleptons with large tanβ can explain the enhancement of diphoton
signal and the deviation of the muon g − 2 simultaneously. However, in this case, it is
rather non-trivial whether a SUSY breaking scenario can also explain the Higgs boson
mass of around 125 GeV. For instance, it is difficult to explain the Higgs mass and the
muon g − 2 simultaneously in a mSUGRA scenario [11].
In this letter, we show that the diphoton signal of the Higgs boson can be enhanced in
two gauge mediation models. These models can explain the Higgs boson mass of around
125 GeV and the muon g − 2, simultaneously. The first model is a gauge mediation
model with vector-like matters [12, 13, 14, 15], and the second one is a model which has a
mixing between a messenger and the up-type Higgs, generating a large trilinear coupling of
stops [16]. We consider the constraint from the meta-stability of the electroweak symmetry
breaking minimum [17, 18] (see also [19] for recent discussion), which is important when
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the left-right mixing of the stau is large. Including this constraint, the relative size of the
branching fraction Br(h→ γγ)/Br(h→ γγ)SM can be enhanced about 40%.
2 Gauge mediation model with vector-like matters
The gauge mediation model with vector-like matters at the TeV scale is studied in
Refs. [12, 13, 14, 15]. We introduce complete multiplets of SU(5) as 10 = (Q′, U¯ ′, E¯ ′) and
10 = (Q¯′, U ′, E ′), and the superpotential is given by
W =WMSSM + y
′Q′HuU¯
′ + y′′Q¯′HdU
′ +MQQ
′Q¯′ +MUU
′U¯ ′ +MEE
′E¯ ′. (2)
As shown in Refs. [14], the SUSY invariant massMQ,MU ,ME as well as the Higgsino mass
parameter µ can be related to Peccei-Quinn (PQ) symmetry breaking scale. Then, we can
consider vector-like matters have the mass of TeV scale naturally. The new interaction,
y′Q′HuU¯
′ enhances the Higgs mass radiatively, in a similar manner of top-stop loops for
y′ ≃ 1 and MQ ≃ MU ∼ 1 TeV [20, 21, 22, 23]. In fact, y′ ≃ 1 is natural, since y′ has
a quasi infrared fixed point behaviour at the electroweak scale as y′ ≃ 1, while y′′ does
not [22]. Since y′′ decreases the Higgs boson mass, we assume that y′′ is negligibly small
in the following analysis. 1
Because of y′ ≃ 1, the soft mass of the up-type Higgs, mHu , gets non-negligible
radiative corrections from extra squarks as
∆m2Hu ∼ −
3y′2
8pi2
(2m2q˜) log
Mmess
mSUSY
, (3)
where Mmess is the messenger scale, and mq˜ is the squark mass. The stop mass scale is
denoted as mSUSY. The size of µ parameter and the soft mass of the Higgs are related by
the following electroweak symmetry breaking condition:
m2Z
2
≃ −µ2 − tan
2 β
tan2 β − 1m
2
Hu +
1
tan2 β − 1m
2
Hd
. (4)
Because of Eq. (3), the size of µ2 is about twice as large as that of the gauge mediated
SUSY breaking model without the extra-matters. This induces a large left-right mixing
of staus as
L ≃ mτ
v
µ tanβL˜3H
0
u
∗
τ˜ ∗R + h.c., (5)
1 The suppression of y′′ can be explained by PQ symmetry [14].
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where L˜3 and τ˜R are the left-handed stau and the right-handed stau, respectively. Due
to the large mixing, the lightest stau becomes the next-to-lightest SUSY particle (NLSP)
for moderately large tan β, even when the number of the messengers (5 and 5¯ multiplets)
is Nmess = 1; the stau mass can be lighter than the lightest neutralino mass due to the
large left-right mixing.
As shown in Ref. [4, 5], the light stau with the large mixing is welcome to enhance
the decay rate of the Higgs boson into γγ. The stau contribution to hγγ coupling is
approximately proportional to (mτ |µ| tanβ(m−2τ˜1 −m−2τ˜2 )) for equal soft masses for L˜3 and
τ˜R, and it is constructive to the contribution from W boson. Then, the relative size of
the branching fractions, rγγ ≡ Br(h → γγ)/Br(h → γγ)SM ≃ Γ(h → γγ)/Γ(h → γγ)SM
is larger for the larger left-right mixing and the smaller stau mass. Here, we consider the
case that the mass of the CP-odd Higgs, mA, is large as mA ≫ mZ .
On the other hand, the large stau mixing induces deep charge breaking global min-
imum, and the electroweak symmetry breaking minimum becomes meta-stable [17, 18].
Requiring that the life-time of the electroweak symmetry breaking local minimum is longer
than the age of the universe, the upper-bound of µ tanβ is given by [18] 2
µ tanβ < 213.5
√
mL˜3mτ˜R − 17.0(mL˜3 +mτ˜R)
+4.52× 10−2GeV−1(mL˜3 −mτ˜R)2 − 1.30× 104 GeV, (6)
where mL˜3 and mτ˜R are soft masses of the left-handed and the right-handed staus, respec-
tively. The fitting formula, Eq.(6) is not sensitive to mh and tan β for fixed µ tanβ.
In Fig. 1, the contours of the Higgs mass and rγγ are shown on mg˜-tanβ plane. We
take the messenger number as Nmess = 1 and the messenger scale as Mmess = 4 × 105
GeV. The SUSY masses, MQ = MU , are taken as 700 GeV. The mass spectrum of the
SUSY particles is calculated by using SuSpect 2.41 [24], which is modified to include
the renormalization group equations from the vector-like matters at the two-loop level.
The Higgs boson mass, rγγ and the SUSY contribution to the muon g − 2 are calculated
by FeynHiggs 2.9.2 [25]. In the region within the dark (light) green band, the muon
g − 2 is explained at 1σ (2σ) level (see Eq. (1)). The black dashed line corresponds to
the upper-bound of tanβ, which comes from meta-stability of the electroweak symmetry
2In Ref. [18], the vacuum transition rate is evaluated at the zero temperature.
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breaking vacuum. In the region around mg˜ ≃ 1 TeV, rγγ can reach 1.3. The Higgs boson
mass, mh ≃ 125 GeV, and the muon g − 2 (1σ) are also explained, simultaneously.
As for the messenger fields, we have down-type messengers ΦD, ΦD¯ and lepton-type
messengers ΦL¯,ΦL, which are transformed as (3, 1)−1/3, (3¯, 1)1/3, and (1, 2)1/2, (1, 2)−1/2
under the SM gauge group, respectively. The SUSY invariant mass terms and the SUSY
breaking F-terms are given by
W = (Mmess + FD¯θ
2)ΦDΦD¯ + (Mmess + FLθ
2)ΦL¯ΦL. (7)
In Fig. 1, we assume that the SUSY breaking mass terms are universal, i.e., FD¯ = FL.
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However, we may be able to split the SUSY breaking mass term. In Fig. 2, we take
FL/FD¯ = 0.4, and MQ = MU = 900 GeV. It can be seen that, even if mg˜ ≃ 1.4 TeV,
there is a parameter region which has the lightest Higgs mass around 125 GeV, and can
explain the muon g − 2 at 1σ level. The diphoton ratio, rγγ , can reach about 1.4.
Let us comment on the constraint from the results of the SUSY search. In the region
with rγγ & 1.1, the stau is lighter than the neutralino, and thus the stau should decays
into τ and gravitino (or other particles, e.g., axino) promptly, 4 leaving tau(s), jets and
missing transverse energy. Such a channel is analyzed by both ATLAS [27] and CMS
[28] experiments. It is shown that mq˜ ≃ mg˜ . 1.2 TeV, is excluded in the minimal
gauge mediation model [27]. However, the production cross section of the colored SUSY
particles are sensitive to their masses. In the model with the vector-like matters, squark
masses tend to be larger than the gluino mass. For example, mg˜ ≃ 1 TeV corresponds
to mq˜ ≃ 1.6 TeV. Therefore the constraint on the gluino masses is expected to be less
severe, due to the small production cross sections of colored SUSY particles. As a matter
of fact, the production cross section evaluated by Prospino 2.1 [29] at the LHC 8 TeV
is about 0.1 times smaller than the cross section in the reference point of Ref. [27], in the
region of the relevant parameter space (see Fig. 3).
3To be more precise, we assume FL/ML = FD¯/MD¯.
4 In the case of long-lived stau, its mass is severely constrained as mτ˜ & 300 GeV [26].
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Figure 1: Contours of mh and rγγ. The SUSY masses of the vector-like matters are set
to MQ = MU = 700 GeV. The messenger scale is set to Mmess = 4 × 105 GeV. The
other parameters are taken as Nmess = 1 and y
′(mSUSY) = 1.0. Here, mt = 173.2 GeV
and αS(mZ) = 0.1184. (The vacuum stability bound has changed, taking into account
updated results in Ref. [18])
3 Gauge mediation model with large At
The gauge mediation model with enhanced At has been constructed in Refs. [16]. A
crucial point is the mixing between the up-type Higgs and the messenger. (A similar
model was proposed in Refs. [30] based on the framework of the extra dimension.) This
mixing induces a new interaction:
W = y′UijΦL¯QiU¯j , (8)
where ΦL¯ is the messenger, which has (2, 1/2) charge of SU(2)L × U(1)Y . The flavor
dependent couplings, y′Uij are aligned to the up-quark Yukawa couplings of MSSM, yuij,
and therefore no dangerous flavor violating effects arise. After diagonalizing y′Uij and yuij,
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Figure 2: Contours of mh and rγγ. The SUSY masses of the vector-like matters are set
to MQ = MU = 900 GeV. The SUSY breaking F-terms for SU(2)L doublet and SU(3)C
triplet messengers are taken as FL/FD¯ = 0.4. The messenger scale as well as the other
parameters are same as in Fig. 1.
simultaneously, Eq. (8) is rewritten as
W = y˜tΦL¯Q3U¯3, (9)
here we neglected the Yukawa couplings of the first and second generations. Due to the
direct coupling between ΦL¯ and top superfields, At arises at one-loop level as
At ≃ − 3y˜
2
t
16pi2
Fmess
Mmess
, (10)
where Fmess and Mmess are the SUSY breaking mass and the SUSY invariant mass of the
messengers, respectively. As a matter of fact, the size of the generated At is comparable
with that of the stop masses generated by gauge interactions for y˜t ∼ 1. The additional
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Figure 3: The production cross sections of colored SUSY particles (g˜g˜ + g˜q˜ + q˜q˜ + q˜q˜∗)
are shown in different models: the minimal gauge mediation model with Nmess = 3 and
Mmess = 2.5× 105 GeV (red solid line), the gauge mediation model generating a large At
with Nmess = 3, y˜t = 1.4 and Fmess/M
2
mess = 0.5 (green dashed line), the gauge mediation
model including the vector-like matters withMQ =MU = 700 GeV,Mmess = 4×105 GeV
and y′ = 1 (blue dotted line).
contributions to soft masses of the stops and the up-type Higgs also arise as 5
δ1m
2
Q3
≃ y˜
2
t
32pi2
F 2mess
M2mess
(
(2 + x) log(1 + x) + (2− x) log(1− x)
x2
)
,
δ1m
2
U¯3
≃ 2× δ1m2Q3 , (11)
at one loop level, and
δ2m
2
Q3
≃ y˜
2
t
128pi4
F 2mess
M2mess
(
3y˜2t + 3y
2
t − (8/3)g23 − (3/2)g22 − (13/30)g21
)
,
δ2m
2
U¯3
≃ y˜
2
t
128pi4
F 2mess
M2mess
(
6y˜2t + 6y
2
t + y
2
b − (16/3)g23 − 3g22 − (13/15)g21
)
,
δ2m
2
Hu ≃ −9
y˜2t y
2
t
256pi4
F 2mess
M2mess
, (12)
5The soft masses of the sbottom and the down-type Higgs also get additional corrections, which are
not so important here. (see Refs [16] for complete formula.)
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at two loop level. Here, we denote yt and yb as the top and bottom Yukawa coupling,
respectively. The parameter x in the one-loop contributions is defined as x = Fmess/M
2
mess.
The two loop contribution can be calculated from wave-function renormalization [31],
taking into account the kinetic mixing between Hu and ΦL¯ carefully (see Refs [16] for
details). Note that δ1m
2
Q3
and δ1m
2
U¯3
vanish for x → 0, while they are negative and
comparable to δ2m
2
Q3
and δ2m
2
U¯3
for x ∼ 1. Since the two-loop contributions are positive
and large for y˜t & 1, the negative one-loop corrections are important to enlarge the ratio
of At/
√
mQ3mU¯3 , which is crucial for the Higgs boson mass enhancement. As shown in
Eq. (12), m2Hu gets large negative corrections for y˜t ∼ 1, which is estimated as
δ2m
2
Hu ∼ −(2 TeV)2 × [(100 TeV)/(Fmess/Mmess)]2 . (13)
Therefore µ parameter is large in this model, resulting in the large left-right mixing of
the staus.
The result of the numerical calculation is shown in Fig. 4. In the calculation, the
spectrum of the SUSY particles are calculated by using SuSpect 2.41, which is modified
to include the additional corrections, Eqs. (10, 11, 12). As in the previous section, mh, rγγ
as well as the SUSY contributions to the muon g − 2 are calculated by using FeynHiggs
2.9.2. Here we assume that only a messenger mixes with Hu. We take the (total) number
of messengers as Nmess = 3. We set x = 0.5, and y˜t = 1.4. The enhanced rate, rγγ ≃ 1.3
is achieved with the Higgs mass of around 124 GeV. 6 The corresponding gluino mass is
mg˜ ≃ 1.4 TeV. In the model with large At, the gluino mass is almost same as the squark
masses, therefore the constraint in Ref. [27] can apply to the gluino and the squark masses,
that is, the region with mg˜ . 1.2 TeV is excluded.
4 Conclusions and discussion
We have evaluated the diphoton signal of the Higgs boson in two gauge mediated SUSY
breaking models: the model including vector-like matters, and the model having mixing
between the up-type Higgs and the messenger. The large µ-term, i.e., the large left-right
mixing is induced automatically in both scenarios, and therefore the enhanced diphoton
6There is an about ±2 GeV uncertainty in the calculation of the Higgs boson mass. In addition, mh
can get about +0.5 GeV from three loop contributions for m
t˜
≃ 1.2 TeV [32].
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Figure 4: Contours of mh and rγγ. The parameters are taken as Nmess = 3, x = 0.5, and
y˜t = 1.4. Here, mt = 173.2 GeV and αS(mZ) = 0.1184.
signal of the Higgs boson is obtained. We have also considered the constraint from the
charge breaking minimum of the staus, which gives the upper-bound to the size of the
left-right mixing. The branching fraction of h→ γγ can be 1.4 times larger than that of
the SM Higgs boson. The Higgs boson mass of around 125 GeV and the muon g − 2 are
also explained in the both models.
The constraint from the charge breaking minimum is very important to scenarios which
enhance the diphoton signal from stau loops, and thus it should be evaluated, including
finite temperature effects.
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